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risk of incident dementia. My only request is to have a qualitative disentanglement of these set of factors and to provide more information if possible of which elements precisely give the most more predictive value of dementia incidence compared to others. In other words, what are the worst modifiable risk factors if one wants to create a hierarchy of their impact, despite a lot of these are cumulative and intertwined.
Furthermore, if possible to extract from the evidence reviewed, which factors are more influential in midlife and which ones are operating in later life, to have more clarity in terms of public health policies and design the most appropriate interventions for dementia prevention.
Study selection and coding procedures are excellent and carefully described. The authors' adherence to PRISMA guidelines is appreciated. The authors take precautions about possible biases in the included studies. They also provide sufficient explanation of and justification for the inclusion and exclusion criteria used, and they thoroughly list the reasons articles were excluded from consideration in the results section. The tables and figures provided are largely comprehensive in describing the included studies and the results of the meta-analysis. The tables are very detailed and give an in-depth picture of the raw data coded from included articles.
As a quantitative / methodological reviewer, I will focus my remarks in that area. Overall, however, there is much to recommend this research for publication, and the litany of comments below reflects the narrowness of my scope rather than a generally negative attitude about the paper. In fact, I believe this is a strong paper that could be made even stronger with attention to the following details:
1. My biggest concern is the use of a fixed-effects meta-analysis model. The authors note on page 11, lines ~28-30 that a fixedeffects model was used due to the small number of eligible studies included, "preventing a good estimate of the between study variance." However, a fixed-effects model effectively assumes the between-study variance is 0. Even an imprecise estimate of the between-study variance would be preferred to this overly liberal assumption. See Field's "The problems in using fixed-effects models of meta-analysis on real-world data" (2003) for issues with fixedeffects models, most notably that the Type-I error rate is extremely high. Use of a random-effects model, or at least reporting the consequences of adopting a random-effects model, would be preferable.
2. Some moderator analyses using mixed-effects meta-analysis models would be of interest. There appear to be relatively complete data on the variables age, gender, and follow-up period that could be tested as moderators of the reported effect sizes. Certainly the small sample of studies available and the restricted range of values on the moderator variables could limit the utility of such analyses, but these limitations could be noted in the event of nullresults. As age is discussed as a potentially important but little understood predictor, it would be an especially interesting candidate moderator. Treatment of age as a moderator could take the form of mean sample age at baseline (a continuous variable) or age categories (young adult, mid-, or late-life). Reporting statistics on moderation by age could also provide statistical evidence for the authors' assertion, "No clear differences of results were observed by baseline age group" (page 10, line 49).
Page 7, lines 16-18: Reporting an agreement statistic addressing reviewers' article inclusion lists would assure readers that these inclusion decisions were reliable.
Page 7, lines 22-29: The authors mention that reviewers assessed each paper for factors related to quality, but it is not clear from this section if and how these factors were used. The results section indicates that these quality judgments were limited to assessing risk of bias (low, medium, or high); this should be stated explicitly in the Methods section for clarification. It is also recommended to provide an agreement statistic for the concurrence in reviewers' risk of bias ratings.
Page 7, lines 42-43: Because no single method of evaluating publication bias has been established, the authors are encouraged to report at least one additional test of publication bias (e.g., Duval & Tweedie's (2000) trim-and-fill method, visual inspection of a funnel plot).
Page 9, lines 15-20: The authors state that different articles reported data evidently from the same samples. The authors also appear to be aware that including multiple data points from the same participants violates the assumption that observations are independent of one another, even if different endpoints were used in different studies. How were the data dependencies then accounted for? If they were not, this should be acknowledged as a limitation.
Page 9, lines 20-22: What does it mean to be "sufficiently compatible"? The authors could clarify this and provide appropriate indices of compatibility.
Page 10, line 52 -page 11, line 17: This paragraph would benefit from some sort of organizational device like an introduction and/or conclusion sentence. It is unclear what the purpose of the paragraph is or if it is a necessary part of the manuscript.
Page 11, line 34-35: Statistics should be reported for heterogeneity and Egger's test of publication bias, along with any other tests of publication bias the authors identify as appropriate.
Page 14, lines 27-30: The authors state that this manuscript "presents an evidence base that is largely consistent and our results imply a potentially very simple relationship such that the higher the number of risk factors to which a person is exposed the greater their risk." The authors should take caution to avoid oversimplifying the relationships between risk factors and dementia. This meta-analysis relies upon the restrictive assumption that all risk factors are interchangeable, an assumption which is warranted given the limited number of studies on any single risk factor. However, the relationship discovered here is likely a consequence of this potentially unrealistic assumption rather than a genuine simple relationship in the population. For example, regular exercise may not influence dementia risk among smokers even if it is highly influential among non-smokers -a complex, non-additive relationship between risk factors and dementia that could not be detected under the present methodology.
Page 83: This figure displays a plot for random effects on the left, whereas the previous figures displayed the plot for random effects on the right. It would be best to maintain consistency. This paper reviews the effects of modifiable risk factors through system review and metaanalysis, which is very interesting. The introduction explicitly described the significance of understanding the combination effect of modifiable risk factors and the gaps in the knowledge.
VERSION 1 -AUTHOR RESPONSE
Thank you for your comments.
The methodology section
Thank you for this point.
presented the inclusion and exclusion criteria, however, the definition of outcome was not explained in detail. More details are suggested to be provided to understand how cognitive decline or dementia were measured in the selected studies and whether the outcomes were comparable between different studies. In other words, the term "formal assessment" required more explanation.
We have added clarification to the inclusion criteria and have also added signposting into the results to help further orientate the reader.
Inclusion criteria now includes: · Use of formal assessment of cognitive function or dementia or clear implication that formal dementia diagnosis took place. (e.g. cognitive decline assessed using general screening or neuropsychological testing, dementia diagnosis using standard diagnostic tools).
Results section now includes:
Cognitive outcomes Eight manuscripts reported on dementia outcomes using standard diagnostic criteria [88, 89, 95, 97, 98, 100, 101, 103] , two used a dementia diagnosis made as part of medical treatment but did not give details of diagnostic criteria [93, 104] , five reported results specifically for Alzheimer's Disease [88, 89, 97, 98, 100] and 12 reported on non-dementia cognitive outcomes. Cognitive measures included use of a screening test [92, 109] or a neuropsychological battery [91, 94, 96, 99, 102, [105] [106] [107] [108] . See Table 2 for details of the diagnostic criteria and assessment tools used by each study.
The results were clearly presented. The limitation of current study were justified, however, the generalbility of current findings needs more descriptions and the comparison between current findings and previous evidence are suggested to be given in more details.
Thank you for your comment. We have added text to the discussion to highlight the issue of generalizability and the lack of prior work in this area. The text now reads: 
To our knowledge this is the first review to examine the impact of intra-individual co-occurring modifiable risk factors and risk of

And;
Furthermore generalizability may be limited since the study populations were drawn exclusively from higher income countries and, as such, may reflect a more homogeneous, and potentially more medicated or treated, population than those in low and middle income countries where risk factor prevalence, recognition and treatment rates may differ. The other issue requires more explanation is that the outcome of current meta-analysis is either cognitive decline or dementia, however, the effect of modifiable risk factors on these two outcomes may be different. Therefore, whether these two outcomes are comparable needs more justifications and the authors may consider to present the results on cognitive decline and dementia outcome separately.
We apologise for any confusion. There are two meta-analyses one for dementia and one for Alzheimer's Disease. We have clarified the text in the results to read Six studies provided various risk ratios for the impact of one, two or three or more risk factors: five for incident dementia [88, 93, 98, 100, 101] (Figure 2 and figure 1) [89, 98, 100] This is a very interesting point. Unfortunately the studies that we identified in our systematic review used counts and scoring systems to evaluate the impact of the varying risk factors rather than looking at the relative contribution of each factor. As you point out it would be very difficult to disentangle the role of the different factors but it is a very interesting question.
We have added text to the discussion to highlight this issue This too is an interesting question. Again because the studies we identified used counts or scores it is not possible to examine particular risk factors occurring in mid or late life. We can say that the majority of the studies reported a relationship between exposure to increased risk factor load and subsequent poorer cognitive function or dementia regardless of baseline age.
Thank you very much for your comments. The authors' adherence to PRISMA guidelines is appreciated. The authors take precautions about possible biases in the included studies. They also provide sufficient explanation of and justification for the inclusion and exclusion criteria used, and they thoroughly list the reasons articles were excluded from consideration in the results section. The tables and figures provided are largely comprehensive in describing the included studies and the results of the meta-analysis. The tables are very detailed and give an indepth picture of the raw data coded from included articles. As a quantitative / methodological reviewer, I will focus my remarks in that area. Overall, however, there is much to recommend this research for publication, and the litany of comments below reflects the narrowness of my scope rather than a generally negative attitude about the paper. In fact, I believe this is a strong paper that could be made even stronger with attention to the following details:
1. I recommend a random effects model, 1. My biggest concern is the use of a fixedeffects meta-analysis model. The authors note on page 11, lines ~28-30 that a fixed-effects model was used due to the small number of eligible studies included, preventing a good estimate of the between study variance.? However, a fixedeffects model effectively assumes the between-study variance is 0. Even an imprecise estimate of the between-study variance would be preferred to this overly liberalassumption. See Fields The problems in using fixedeffects models of meta-analysis on realworld data? (2003) for issues with fixed-effects models, most Thank you for this suggestion. We have added the results for the random effects models into the text (see below). Full details of both models are also available in the supplementary files.
The results now read;
. [88, 93, 98, 100, 101] 2. Some moderator analyses using mixed-effects metaanalysis models would be of interest. There appear to be relatively complete data on the variables age, gender, and follow-up period that could be tested as moderators of the reported effect sizes. Certainly the small sample of studies available and the restricted range of values on the moderator variables could limit the utility of such analyses, but these limitations could be noted in the event of null results.
Thank you for this comment.
For an overview of the studies included in the meta-analysis (dementia) we have annotated the forest plots (below) with details of study baseline age, sex, follow up and existing co-variates for each study. The number of studies included in the meta-analyses is too small to allow meta-regression or meta-analyses stratified by any covariates. We have considered the potential for the additional analyses carefully and having annotated the figure and given thesmall number of studies and the variation in the existing co-variates and lack of a clear pattern by baseline age, sex or follow up time, and that many of the risk ratios included in the meta-analysis have been adjusted for baseline covariates, we agree that the utility of these analysis would be limited. We have added additional text to the results to read
Visual examination of the plotted results per incremental risk factor for the studies included in the meta-analysis (figure 2) showed no clear pattern by study baseline age, population sex distribution, length of follow up or study co-variates, however the small numbers precluded meta-regression or other formal statistical testing.
As age is discussed as a potentially important but little understood predictor, it would be an especially interesting candidate moderator. Treatment of age as a moderator could take the form of mean sample age at baseline (a continuous variable) or age categories (young adult, mid-, or late-life). Reporting statistics on moderation by age could also provide statistical evidence for the authors assertion, oeNo clear differences of results were observed by baseline age group? (page 10, line 49).
Thank you for the suggestion. While further investigation of age as a moderator of the association between number of risk factors and dementia outcomes would be interesting, the number of studies (maximum of six for any meta-analysis) is too small to undertaken such analysis (see response above). We have reworded the text to specify this. It now reads:
Study findings showed remarkable similarity with the majority reporting a relationship between exposure to increased risk factor load and subsequent poorer cognitive function or dementia; see Table 3 the widest net may result in less agreement initially but of course would bring greater numbers of articles for discussion between the reviewers which may in turn result in more reliable decisions. Very roughly calculating the agreement between our reviewers with regard to selection of articles resulted in 91% agreement and 81% agreement for the two stages of review. Discussion occurred with regard to the selection of full text and included articles and reviewers were in full agreement with the papers selected. Overall based on our uncertainty as to the implications for these numbers with regard to reliability we have elected not to amend the text of the article. Page 7, lines 22-29: The authors mention that reviewers assessed each paper for factors related to quality, but it is not clear from this section if and howthese factors were used. The results section indicates that these quality judgments were limited to assessing risk of bias (low, medium, or high); this should be stated explicitly in the Methods section for clarification. It is also recommended to provide an agreement statistic for the concurrence in reviewers risk of bias ratings.
Thank you pointing this out. We have added details to the results section and additional signposting to the supplementary table which describes the possible sources of bias for each study. To avoid a potential loss of subtlety we elected not to use a formal scoring system. This inevitably limits our ability to generate an overall agreement statistic. However, the overall risk of bias judgement was generated after discussion by both reviewers and represents a consensus decision.
The results now read:
Of the 22 articles, 14 were assessed as having an overall medium risk of bias [88, 92, 93, 95, 96, 98, 99, 101, 102, 104, 105, 106, 107, 109] ; seven as having a low risk [89, 90, 94, 97, 100, 103, 108] (2000) trim-and-fill method, visual inspection of a funnel plot).
Thank you for your comment. We have added text to the methods which now reads:
Where possible publication bias was also examined using Egger's test and visual inspection of funnel plots.
Visual inspection of the funnel plots did not change our conclusions regarding publication bias.
Page 9, lines 15-20: The authors state that different articles reported data evidently from the same samples. The authors also appear to be aware that including multiple data points from the same participants violates the assumption that observations are independent of one another, even if different Thank you for raising this. We have added text to the results and the discussion to clarify this. There was no overlap between the studies used in the metaanalysis.
Results
There were two studies with multiple publications the Whitehall II study [106, 107] and the Washington Heights Aging Project [89, 94, 97] . The articles differed in inclusion of risk factors, outcomes and analysis methods and so all were included in the narrative results. Results and outcomes from six studies were sufficiently compatible to allow meta-analysis [88, 89, 93, 98, 100, 101] [88, 89, 93, 98, 100, 101] .
Page 10, line 52 " page 11, line 17: This paragraph would benefit from some sort of organizational device like an introduction and/or conclusion sentence.
It is unclear what the purpose of the paragraph is or if it is a necessary part of the manuscript.
Thank you for your comment.
We have added additional introductory text; it now reads
Eleven articles reported a relationship between risk factors and cognitive outcomes [88, 89, 92, 93, 96, 98 -103] ; three between unhealthy behaviours [105] [106] [107] 
